Fast-growing countries tend to experience rapid export growth with little secular change in their terms of trade. This contradicts the standard Armington trade model, which predicts that fast-growing countries can experience rapid export growth only to the extent that they accept declining terms of trade. This paper generalizes the monopolistic competition trade model of Helpman and Krugman (1985) , providing a basis for growth-led exports without declining terms of trade. The key mechanism behind this result is that fast-growing countries are able to develop new varieties of products that can be exported without pushing down the prices of existing products. There is strong support for the new model in long-run export growth of many countries in the post-war era.
Introduction
Few people would be surprised to learn that there is a strong positive correlation between the growth rate of a country's exports and the growth rate of its economy. Indeed, there is an extensive body of theoretical and empirical research on the phenomenon of "export-led growth," which focuses on the benefits for long-run economic growth of encouraging exports and openness to trade.
2 Curiously, however, the standard empirical model of trade flows implies that fast-growing countries with fast-growing exports should be experiencing secular declines in their terms of trade. But there is little evidence for such behavior in the terms of trade. This paper develops a new empirical model of export demand based on the theoretical work of Helpman and Krugman (1985) . The new model significantly and robustly outperforms the standard model. Unlike the standard assumption of one good per country, the alternative model allows for multiple varieties of goods to be produced in each country. In this model, economic growth allows a country to produce more varieties, and demand for a country's exports This finding carries important implications for empirical international macroeconomics.
In most models of international macroeconomic linkages, permanently higher output tends to lower a country's trade balance through higher imports that are not matched by higher exports, at least not without a permanent decline in the terms of trade. For example, in the Fall 2004 Per Jacobsson Lecture, former Treasury Secretary Lawrence Summers claimed that the increase in U.S. trend growth since the mid-1990s was at least partly responsible for the widening of the U.S. trade deficit. 5 This research questions that conclusion.
The "growth-led exports" view of this paper is complementary to the traditional view of export-led growth. Deregulating, opening up the economy, and otherwise encouraging exports may indeed spur growth through technological transfer and more competitive producers. The model developed here helps to explain why such growth is all the more beneficial for a country's welfare because it is not offset by declining terms of trade. The evidence presented in this paper provides some support for a connection between changes in openness to foreign trade and economic growth. But even for countries with a relatively stable share of exports in GDP, faster economic growth tends to be associated with faster export growth.
Theoretical Model
This section derives a two-country model of export demand and supply based on tastes, 6 For simplicity there is no capital stock. But labor can be interpreted as representing all factors of production. 7 Varieties refers both to different types of goods--such as televisions, cars, and toothpaste-and to different brands and models of the same type of goods. 8 For a review of the theoretical and empirical literature on the Armington export demand equation, see Gagnon (2003) . The well-known gravity model of trade is a reduced form based on an Armington demand equation applied to bilateral trade. See, for example, Anderson and van Wincoop (2003) . Time-series implementations of the gravity model share the property of the Armington equation that increases in export supply drive down the terms of trade. 9 Grossman and Helpman (1991) employ a similar demand system with a richer supply side.
technology, and labor in a setting with endogenous varieties of goods. 6 Under plausible assumptions, the number of varieties grows in proportion to a country's total output. 7 A key contribution of this paper is to show that allowing for endogenous varieties leads to an export demand equation that can be approximated by augmenting the standard Armington demand equation with a term for the relative size of the exporting country in the world economy. 8 In this model, long-run growth in output shifts both the export supply and export demand curves out simultaneously, thereby minimizing any effect on the terms of trade.
Demand
The demand side of the model is taken from Helpman and Krugman (1985) who, in turn, based their work on the "love of variety" utility function proposed by Dixit and Stiglitz (1977) . 
imports. Prices of domestic goods are denoted by P D . Import prices (in foreign currency) are denoted by P X * and the exchange rate is R. Total expenditure is E. "A" is an exogenous variable that reflects taste for imports. Consumers are biased towards domestic goods if A is less than unity. The elasticity of substitution, F, is assumed to be equal across all goods in order to obtain a closed-form solution for demand.
The representative household chooses consumption of each variety to maximize (1) subject to (2) and taking prices, available varieties, and total expenditure as given. 10 All domestic firms face the same production technology, which leads to equal prices of all domestic varieties, P D , and thus equal quantities sold, D. Similarly, all foreign varieties sell at the common price P X * with equal quantities X*. Aggregate demand for each type of good equals the number of varieties times the quantity demanded of each variety. The resulting aggregate demand system is given by equations (3)-(4). As discussed in Anderson and van Wincoop (2003) , the share of spending on domestic goods equals 1/(1+A) and the share spent on foreign goods is A/(1+A).
- [5] [6] [7] [8] [9] [10] [11] Note that the elasticity of substitution is assumed equal across countries. This assumption aids in the derivation of a linear demand equation for estimation and it is also implicit in the cross-country empirical work of the next section. 
Solving the analogous system for the rest of the world, yields equations (5)- (6).
11
Expenditure equals revenue from domestic production plus an exogenous transfer, T, from the rest of the world: equation (7). Foreign expenditure equals foreign production minus the transfer converted into foreign currency: equation (8). The transfer allows for unbalanced 12 Krugman (1989) employs a similar cost function and obtains the same pricing equation. 13 These equations imply that export prices equal domestic prices. Dropping the assumption of equal elasticity of substitution across countries would allow for differences between export and domestic prices. (9) and (10) are the total cost functions for each variety of domestic and foreign good, respectively.
12 Note that each variety is both consumed at home (D) and exported (X). F is the fixed cost and G is the marginal cost. Technological progress tends to lower costs, and can thus be modeled as an exogenous decline in F and G.
The profit-maximizing prices depend on the elasticity of substitution and the marginal cost, as shown in equations (11)- (14). 13 These are standard markup equations. 
21 1
Total production in each country exhausts the available pool of labor, shown in equations (15)- (16), thereby determining the number of varieties of goods produced. Aggregate labor supply, L, is exogenous in each region. Free entry ensures that firm profits are zero, driving revenue equal to cost for each variety: equations (17)- (18). By Walras' Law, one of the last two equations or one of the two expenditure equations can be dropped.
Implications for Empirical Export Demand
This sub-section derives an estimable version of equation (6) To obtain a linear equation in growth rates, take the logarithm of equation (23) and totally differentiate. An appendix (available upon request) shows that the change in log exports can be expressed in terms of the log changes in other variables as shown in equation (24). The simple form of equation (24) derives from the assumed initial conditions that technology is the same across the two countries (F=F* and G=G*) and there is no home bias (A*=1). Equation (24) can be viewed as a linear approximation to the demand function in a neighborhood around these initial conditions.
The first term on the right hand side of equation (24) is the change in the price of exports relative to the price of total foreign expenditures converted into domestic currency; the coefficient on this term is the negative of the elasticity of substitution. The second term is the 14 The empirical section below checks for robustness to the possibility that taste shocks may affect relative export prices. change in real expenditure in the rest of the world, with a coefficient of unity. The first two terms together comprise the standard Armington demand equation. The third term is the change in the ratio of domestic output to world output, also with a coefficient of unity. This term represents the main contribution of this paper, and its coefficient is the parameter of interest.
The fourth and fifth terms are functions of changes in unobservable tastes (A*) and technology (Z, Z*).
For identification, it is necessary that the unobservable disturbances (the last two terms)
are not correlated with the regressors (the first three terms). Within the system developed here, taste shocks ()log A*) are not correlated with prices, output, or expenditures.
14 The underlying technology variables (F, G, F*, G*) are correlated with prices, output, and expenditure.
However, they enter the demand equation directly only through a function of their ratio (Z=G/[(F-1)F]). Thus, identification requires only the plausible assumption that technological
progress lowers both fixed and marginal costs proportionally. Under this assumption, )log Z=)log Z*=0, and the fifth term of equation (24) drops out.
Empirical Results
This section presents estimates of the coefficients of equation (24) using data on long-run growth rates of exports. A critical test of the growth-led exports model is that the coefficient on the change in the ratio of exporter GDP to world GDP should be significantly greater than zero and not significantly different from unity.
The equation is estimated across countries using one long-run growth rate for each 15 All countries with available data were used in the regressions except for Bulgaria, which had strongly negative export growth in the second sub-sample that is related to its transition from a socialist to a market economy. No transition economy has data over the 40-year sample. Bulgaria, China, and Hungary have data over the 1980-2000 sub-sample period. Table 1 contains a complete listing of countries in the various samples.
country. Using long-run growth rates eliminates the need to model short-run adjustment dynamics. In addition, the relationship between output and the number of varieties is likely to be strongest over long time-horizons, as the number of varieties may not move in proportion with output over the business cycle.
Gagnon (2003) estimates a related equation using bilateral U.S. imports of manufactures.
Gagnon (2003) (24) in growth rates. Moreover, the data do not permit the addition of an intercept term, as growth of foreign expenditure is nearly identical for all exporters, creating severe collinearity between this term and an intercept. Dropping the intercept introduces a bias in the coefficient on foreign expenditures coming from taste shocks that are common to all exporters. From the point of view of an exporting country, foreign taste shocks include changes in trade barriers and transportation costs. To the extent that trade barriers and transportation costs have fallen for all exporters, the coefficient on foreign expenditure is biased upward. The remaining coefficients are not affected by this bias. Table 2 presents estimates of equation (24) with heteroskedasticity-robust standard errors (Huber/White). 16 The first three columns of Table 2 display ordinary least squares (OLS)
Results
regressions. Column (1) is based on growth rates over the period from 1960 through 2000.
Columns (2) and (3) are based on growth rates over the first half and second half, respectively, of these 40 years. In all three samples, the ratio of exporter GDP to world GDP is highly significant in explaining export growth, lending support to the importance of product varieties and growth-led exports. Column (4) shows that these results are not sensitive to outliers in the data, as estimates from minimum absolute deviation regressions are very close to the OLS results. Similar results (not shown) obtain for the sub-sample periods.
The coefficient on the relative export price is the negative of the substitution elasticity (F). This coefficient has the correct sign but is rather close to zero in these regressions, suggesting the possibility of simultaneity bias. Columns (5) and (6) explore the sensitivity of the parameter of interest to the coefficient on relative prices. Column (5) presents results of an instrumental-variables regression in which the ratio of the domestic to the foreign GDP deflator is used as an instrument for the relative export price. This instrument does not have the desired effect of increasing the estimated elasticity of substitution. In fact, the estimated substitution elasticity has the wrong sign. 17 Column (6) presents OLS results under the restriction that the coefficient on relative export prices is -2, representing a much larger substitution elasticity than is typically found in aggregate-level implementations of the Armington model. 18 Together, the results in columns (5) and (6) show that the coefficient on the ratio of exporter GDP--the parameter of interest--is not sensitive to estimated values of the substitution elasticity.
Column (7) Table 1 displays the countries that do not specialize in primary commodity exports. For the most part, these are the traditional industrialized countries, especially when one excludes countries for which data are not available in 1960. Thus, another benefit of this reduced sample is to focus on countries with relatively high-quality data that account for most of world trade in manufactures and services. As seen in -13- 20 Similar results obtain over the two subsamples. 21 As described in Table 2 , the cutoff points for this sample split are the 25 th and 75 th percentiles of growth in export shares. 22 This result also casts doubt on the hypothesis that shocks to foreign tastes for exports (A*) are driving long-run output growth rates, which also could give rise to a positive coefficient. 23 An alternative sample split based on countries with export shares growing either faster or slower than the median yielded a higher coefficient on the sub-sample with fast-growing exports, but the coefficient on the slow-export-growth sub-sample remained positive and highly significant. column (7) of Table 2 , the coefficient on the ratio of exporter to world GDP remains highly significant in this smaller sample.
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Columns (8) and (9) explore the interaction between export-led growth and growth-led exports. The sample of column (1) is split into two equal-sized groups: those for which the share of exports in GDP moved closely in line with the sample median between 1960 and 2000--column (8)--and those for which the share of exports in GDP rose either more or less quickly than the median--column (9).
21 If export-led growth were entirely responsible for the results of this paper, one would expect that the coefficient on the ratio of exporter GDP to world GDP would be strongly affected by this sample split, as nearly all the identifying information would be in the sample of column (9)--these are the countries for which exports grew especially strongly or weakly. Indeed, the coefficient on the ratio of exporter GDP is larger in column (9) than in column (8), but the difference is not significant and the coefficient in column (8) remains highly statistically significant. 22 Thus, it appears that economic growth spurs exports even in countries that are not aggressively pursuing a strategy of export-led growth.
23
In all columns of Table 2 , the estimated effect of growth in the ratio of exporter to world output is highly statistically significant and generally not significantly different from its -14-predicted value of unity. These results provide strong support for the role of product varieties in trade and for growth-led exports.
Conclusion
This paper shows how the Helpman-Krugman (1985) ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. 1 Minimum absolute deviation regression. Foreign expenditure term replaced by a constant equal to average growth of foreign expenditure over the sample. 2 Instrumental variables regression. Instrument is ratio of exporter to foreign GDP deflator. First-stage R 2 = .25. 3 Coefficient on relative prices constrained to equal -2. 4 Sample includes countries for which manufactured goods and services comprised more than 50 percent of exports in 2000. 5 Sample includes countries for which the change in the share of exports in GDP lies between the 25 th and 75 th percentile of all available countries. 6 Sample includes countries for which the change in the share of exports in GDP is either less than the 25 th percentile or greater than the 75 th percentile.
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